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Abstract 

Background: Numerous in vitro reports suggest that Low Level Laser Therapy 
(LLLT) affects cellular processes by biostimulation, however most of them em- 
phasize on using visible light lasers which have low penetration. The aim of 
this study was to determine the effect of infrared laser light (which is more 
useful in clinic because of its higher penetration) on secretion of Fibroblast 
Growth Factor (FGF), Platelet Derived Growth Factor (PDGF) and Vascular 
Endothelial Growth Factor (VEGF), as important growth factors in wound 
healing. 

Methods: Fibroblasts were extracted from the sbin of 7 diabetic and 7 
nondiabetic mice and cultured. Cell cultures of experimental group were irra- 
diated with single dose of LLLT (energy density of 1 ]lcnf) using an 810 nm 
continuous wave laser and the control group was not irradiated. Secretion of 
growth factors by sbin fibroblasts were quantified through real time poly- 
merase chain reaction. 

Results: Diabetic irradiated group showed significant increase in FGF (p=0.017) 
expression, although PDGF increased and VEGF decreased in both diabetic 
and nondiabetic irradiated groups, but these variations were not statistically 
significant. 

Conclusion: These results suggest that LLLT may play an important role in 
wound healing by stimulating the fibroblasts. 
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Introduction 

During the past three decades, lasers have 
been broadly used in medical fields. Since 
then, numerous scientific studies have been 
carried out to evaluate laser effects on various 
cells including fibroblasts ^ ^ One of the most 
important functional aspects of laser therapy 
is photobiostimulation effects of low level 
lasers, often described as lasers with less than 



500 average power, on various biological 
systems especially microcirculation ^''^ , There 
are numerous reports of LLLT effects on 
wound healing especially diabetic ulcers 
and its effect in increasing new capillary for- 
mation through the release of growth factors 
Among the many physiological mecha- 
nisms of LLLT, it is important to recognize 
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that laser may affect the release of various 
growth factors. 

The growth factors play a role in epithelial 
cell formation, formation of new fibroblasts 
and collagen and neovascularization. The re- 
lease of growth factors from injured and in- 
flammatory cells is, therefore, an important 
part of wound healing The basic Fibro- 
blast Growth Factor (bFGF) stimulates the 
proliferation of all cell types involved in 
wound healing both in vitro and in vivo 
VEGF is an extremely potent angiogenic 
stimulator PDGF regulates cell growth and 
division and plays a significant role in angio- 
genesis \ In most of these studies, visible red 
light is used which is suitable for monolayer 
cell cultures in vitro. However, in vivo, infra- 
red lights with higher penetration are more 
useful, though some reports show inhibitory 
effects of infrared lasers on fibroblasts ^'^^ 
The aim of this study was to evaluate the ef- 
fects of 810 nm infrared laser (which have 
very good results in our clinical use in diabet- 
ic patients) on in vitro expression of FGF, 
PDGF and VEGF from isolated skin fibro- 
blasts in diabetic and nondiabetic mice. 

Materials and Methods 

Skin fibroblasts were isolated from 4 week 
old male Balb/c mice, obtained from Pasteur 
Institute of Iran. Mice were sacrificed using 
chloroform according to the ethics committee 
of Tehran University of Medical Sciences. 
After shaving the back of mice, 1 cm^ of full 
thickness skin was cut by scalpel and placed 
into 70% ethanol for 2 min. Then, it was 
washed with DMEM (Gibco) plus antibiotic 
(penicillin and streptomycin) three times and 
was cut into small pieces using scalpel and 
transferred into 15 m/ round bottomed tube. 
After adding 2 ml of 0.25% trypsin and brief 
vortexing, it was incubated for 30 min at 37°C 
in 95% air with 10%o CO2 in humidified incu- 
bator and vortexed briefly every 10 min. After 
spinning at 120 gl5 min, supernatant was re- 
moved and 4-5 ml of 0.1% collagenase type 
2 (invitrogen) was added and incubated for 
4 /zr at 37°C and was vortexed briefly every 



10 min. After spinning at 120 g/5 min, super- 
natant was transferred to a well of a 6-well 
plate and the sediment was added into 5 other 
wells (instead of discarding the supernatant 
which contained small number of cells, we 
transferred it to a well to use the cells later) 
and 1 ml DMEM supplemented with 10% 
FBS, 2 mM L-glutamine and 25 iig/ml gen- 
tamycin was added to each well. Medium was 
changed to a fresh one every other day. Upon 
reaching confluency, cells were detached with 
trypsin and subcultured in two 12-well culture 
plates. Prior to irradiation, 12-well plates 
were microscopically verified to guarantee 
that the cells were confluent and there was no 
contamination. Following aspiration of 75% 
DMEM culture medium, irradiation was start- 
ed. The remaining 25% medium avoided de- 
hydration of the fibroblasts through irradia- 
tion. One plate was irradiated (case) and the 
other plate was non- irradiated (control). 

Irradiation source 

In this study, we used an infrared GaAlAs 
Laser (Physio laser, RJ, Germany) with a 
wavelength of 810 nm with an area of 
1 cm^, power output of \0 mW and in contin- 
uous mode. In all experiments, the laser probe 
was fixed with a delivery arm that permitted 
precise positioning of the fiber tip 1 cm in 
front of the cell monolayer that allowed the 
laser beam width to be 1 cm^. The laser power 
of 10 was used in all experiments. The 
cell cultures were irradiated with a single dose 
for 1 min and 40 ^ at a power density of 
10 mW/cm^ and energy density of 1 J/crn . 
After irradiation, the remaining medium was 
removed and new DMEM medium was add- 
ed. Cells were then incubated for 1 hr prior to 
RNA extraction. 

PCR 

Total RNA was isolated from laser treated 
and untreated fibroblasts using CinnaPure 
RNA extraction kit (CinnaGen Co., Iran). One 
//g of RNA was reverse transcribed to cDNA 
using PrimeScript cDNA Synthesis Kit (Taka- 
ra) with 2 /// PrimeScript Buffer, 0.5 /// Prime 
Script RT Enzyme, 0.5 jil Oligo dT Primer, 
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Random Hexamers and 1.5 /// RNase Free 
dH20. The amplification through Polymeraze 
Chain Reaction (PCR) was carried out using 
10 iig/fil of cDNA and primer design master 
mix and primers. The primers sequences are 
shown in table 1 . PCR amplification was per- 
formed using a 48-well tray (ABI) with 20 jul 
final reaction mixture containing 10 /// real 
time master mix (primer design), 7 /// ddH20, 
1 III forward and reverse primer (10 pmol/iil) 
and 2 jul cDNA. PCR profile consisted of 
95^C for 15 min, 95^C for 30 s, 60^C for 55 s, 
and 72 °C for 20 s. Amplification was carried 
out for 40 cycles. To avoid any contamination 
of the preparation, PCR set-up was performed 
in a separate laboratory under sterile condi- 
tions. In every run, real time was performed 
in duplicate for each sample and one negative 
control for each primer was included to ex- 
clude false-positive results. 

In this study, we used TATA box binding 
protein (TBP) as the housekeeping gene (in- 
ternal control). Data was analyzed using 
AACT equation. The fold change for PCR 
products were calculated in laser treated ver- 
sus non-treated samples in each group of 
cells. PCR products were resolved in 1% aga- 
rose gel electrophoresis, and ethidium bro- 
mide-stained specific bands were visualized 
under UV light and photographed (to check if 
they have correct PCR product size). 

Results 

Data were analyzed using the SPSS (SPSS 
Inc., Chicago, IL, 16th version). A p-value 
less than 0.05 was considered statistically sig- 
nificant. The descriptive statistics were pre- 
sented as median and standard deviation. All 
experiments were repeated at least 2 times 
with 2 parallel measurements (duplicate) in 
different wells. The statistical analysis was 



done by calculating ANOVA, post-hoc (LSD). 

The investigated factors before laser irradi- 
ation had no significant difference in diabetic 
and nondiabetic mice. A significant increase 
(p=0.017) was seen in the expression of FGF 
after irradiation in diabetic mice in compari- 
son with nondiabetic mice after laser irradia- 
tion (Figure 1). Although the expression of 
PDGF also increased in both diabetic and 
nondiabetic mice after LLLT, it was not sta- 
tistically significant (Figure 2). The expres- 
sion of VEGF decreased after LLLT in both 
diabetic and nondiabetic mice, but it was not 
statistically significant (Figure 3). The inves- 
tigated factors after laser irradiation had sig- 
nificant increase in diabetic mice in compari- 
son with nondiabetic mice only for FGF after 
laser irradiation. P-value of growth factors in 
diabetic and nondiabetic mice in laser group 
and control group are shown in table 2. 

Discussion 

There are many clinical and experimental 
data on the relationship between metabolic 
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Figure 1. LLLT increases Fgf expression from isolated skin 
fibroblasts in diabetic mice in comparison with non diabetic 
mice, significantly [DI(-)LA(-) in comparison with 
DI(+)LA(+)] The starred column, DI(+)LA(+), shows this 
significant increase. Fgf expression between diabetic and 
non-diabetic mice before laser exposure [DI(-)LA(-) and 
DI(+)LA(-)] shows no significant difference 



Table 1 . Primers sequences 



Vegf-f 


5-'CTGCTGTAACGATGAAGCCCTG-3' 


Vegf-r 


5-'GCTGTAGGAAGCTCATCTCTCC-3' 


Egf-f 


5-'ACTGGTGTGACACCAAGAGGTC-3' 


Egf-r 


5-'CCACAGGTGATCCTCAAACACG 


Pdgf-f 


5-'AATGCTGAGCGACCACTCCATC-3' 


Pdgf-r 


5-'TCGGGTCATGTTCAAGTCCAGC-3' 


Fgf-2-f 


5-'AAGCGGCTCTACTGCAAGAACG-3' 


Fgf-2-r 


5-'CCTTGATAGACACAACTCCTCTC-3' 


Tbp-f 


5'-AAGGGAGAATCATGGACCAGAAC 


Tbp-r 


5'-GGTGTTCTGAATAGGCTGTGGAG 
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DI(-)LA(-)T DI(-)LA(+)T DI(+) LA(-)T DI(+) LA(+)T 



Figure 2. LLLT increases Pdgf expression in both diabetic 
and non diabetic mice, but this increase is not significant 
[DI(-)LA(-) in comparison with DI(-)LA(+) and DI(+)LA(-) 
in comparison with DI(+)LA(+)]. Pdgf expression between 
diabetic and non-diabetic mice before laser exposure [DI(-) 
LA(-) and DI(+)LA(-)] shows no significant difference. Pdgf 
expression between diabetic and non-diabetic mice after laser 
exposure [DI(-)LA(+) and DI(+)LA(+)] shows no significant 
difference 



lA-i 




DI(-)LA(-)T DI(-)LA(+)T DI(+) LA(-)T DI(+) LA(+)T 

Figure 3. LLLT decreases Vegf expression in diabetic and 
non diabetic mice, but this decrease is not significant [DI(-) 
LA(-) in comparison with DI(-)LA(+) and DI(+)LA(-) in 
comparison with DI(+)LA(+)]. Vegf expression between 
diabetic and non-diabetic mice before laser exposure [DI(-) 
LA(-) and DI(+)LA(-)] shows no significant difference. 
Vegf expression between diabetic and non-diabetic mice 
after laser exposure [DI(-)LA(+) and DI(+)LA(+)] shows no 
significant difference 

Table 2. P- value of growth factors comparison in diabetic 
and non diabetic mice in laser and control groups 



Subject 




DI(-) LA(-) 








Vegf 


Fgf 


Pdgf 


DI(-) LA(-) VS DI(-)LA(+) 


0.381 


0.329 


0.142 


DI(+)LA(-) VS DI(+)LA(+) 


0.127 


0.017 


0.456 



disturbance in diabetes and wound healing. 
Mattin Goldstein and Loots examined 
skin fibroblasts from diabetics in tissue cul- 



ture and found that their in vitro replication 
life span was reduced when compared with 
the control group. Grazul-Bilska et al sug- 
gested a defective FGF receptor or down- 
regulation of the FGF receptor-mediated cas- 
cade in diabetic status ^\ Greenhalgh et al 
showed that PDGF and FGF stimulate wound 
healing in diabetic patients Recent studies 
show the potential role of increased VEGF in 
diabetic retinopathy and nephropathy 

Although some studies ^'^ demonstrate no 
beneficial effects of low level laser irradiation 
on fibroblasts, this study showed stimulatory 
effects of LLLT on some fibroblast growth 
factors and therefore confirmed previous stud- 
ies that yielded beneficial stimulating effect 
on fibroblasts Moore et al reported 

inhibitory effect of 810 nm infrared laser on 
fibroblast. Van Breughel et al ^ reported a 
range of absorption peaks in 420, 445, 470, 
560, 630, 690 and 730 nm and a general de- 
crease in absorption at longer wavelengths 
and concluded that several molecules in fi- 
broblasts serve as photoacceptors and absorb 
special wavelengths. Karu also showed that 
the use of appropriate wavelength within the 
bandwidth of the absorption spectra of photo- 
acceptor molecules is an important factor. In 
this study, we observed the inhibitory effect 
of 810 nm infrared laser only on VEGF ex- 
pression, but in other measured growth fac- 
tors, the stimulatory effect was observed, alt- 
hough the increase in PDGF expression was 
not statistically significant which can be relat- 
ed to the small sample size. In our study, pen- 
etration depth can almost be ignored as wave- 
lengths in the visible and infrared spectrum 
will pass through a monolayer cell culture 

Moreover, the irradiance (W/cm2) might 
have an important influence on the outcome 
of this study. As other experiments confirm- 
ed, lower irradiances are more effective than 
higher irradiances The weak photo- 

stimulating effect in this study may be related 
to short incubation period. Hawkins et al 
showed that 1-3 hr post irradiation is suffi- 
cient to, measure cellular response to laser 
therapy. In some studies, this incubation peri- 
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od lasts 24-72 hr. Moreover, some authors 
proposed longer incubation period for having 
the response although the photobiostimulation 
influence may be weakened over time due to 
decreased vitality and untimely cell death in 
the irradiated cell cultures as a result of reach- 
ing confluence 

Although some studies demonstrate FGF 
and PDGF decrease and VEGF increase in 
diabetic status ^^'^^5 we did not find significant 
difference between these factors before laser 
irradiation in diabetic mice in comparison 
with nondiabetics. It may be due to the small 
sample size. However, we observed signifi- 
cant increase in FGF expression following 
LLLT in cultured fibroblasts of diabetic mice 
in comparison with nonirradiant nondiabetic 
mice. Previous studies suggest that LLLT is 
more effective on impaired tissues rather than 
normal condition ^\ In this study, we also 
found PDGF increase and VEGF decrease 
following LLLT in diabetic mice compared 
with nondiabetic mice but it was not statisti- 
cally significant which can be related to small 
sample size. These results confirmed our pre- 
vious studies using LLLT on diabetic patients 
^^■^^ and other studies suggesting beneficial 
effects of LLLT on fibroblast activity 8'2i'22,3i 

This study suggests potential beneficial ef- 
fects of LLL irradiation at the cellular level in 
clinical studies. LLLT application in cutane- 
ous wounds of human skin may be assumed 
useful at the applied dosimetric parameters, 
but future investigation with larger sample 
size is necessary to explain the exact mecha- 
nisms of laser biomodulation. Subsequently, 
resolving the lack of scientific evidence and 
nullifying the controversial acknowledge- 
ments of the effect of low power lasers can 
bring about a wide spread acceptance for the 
use of LLLT in clinical settings. 
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